an exposure phase of t h r e e months and a recovery phase of two months, s i g n i f i c a n t e f f e c t s were noted on many species of fouling organisms. Four of t h e six most abundant fouling taxa sustained 100% m o r t a l i t y a t 0.5 p g / l TBT. Overall species abundances of fouling organisms were reduced by 50, 60 and 80% by TBT treatments of 0.5, 1.8 and 2 , 5 p g l l , r e s p e c t i v e l y .
INTRODUCTION
Long-term flow-through experiments were conducted from 1980 to 1983 a t the flow-through marine microcosm f a c i l i t y of Naval Ocean Systems Center (NOSC) a t Mokapu, Oahu, Hawaii t o e v a l u a t e t h e e f f e c t s of o r g a n o t i n a n t i f o u l i n g l e a c h a t e s o n inshore bottom communities. In those experiments, exposure to 0.5 t o 1 . 8 m g / l t r i b u t y l t i n (TBT) r e s u l t e d i n d e c r e a s e d d e n s i t y f o r s e v e r a l s p e c i e s and groups of biota 1. Seawater and organisms u s e d i n t h e microcosm experiments were obtained from an unpolluted, open-coast shoreline site.
There is a p o s s i b i l i t y t h a t l e a c h a t e e f f e c t s m i g h t be considerably less i n t y p i c a l h a r b o r waters
where oganisms dwell ia r e l a t i v e l y h i g h l e v e l s of p o l l u t a n t s , o r g a n i c s , and suspended p a r t i c u l a t e s . Therefore, we decided to perform flowthrough bioassay experiments a t a h a r b o r l o c a l e u s i n g water and organisms recruited from that site.
T h i s r e p o r t d e s c r i b e s t h o s e e x p e r i m e n t s accomp l i s h e d i n 1984 a t Ford
Island, Pearl Harbor, Hawaii.
Experimental System
This bioassay experiment was performed a t t h e southwest end of Ford Island approximately 1 km downcurrent of Southeast Loch, t h e p o r t i o n of P e a r l Harbor most heavily polluted by industrial wastes and most extensively used for ship moorage.
The bioassay tank and plumbing array used i s a prototype of a Portable Environmental Test System (PETS) being developed under U.
S. Navy f u n d i n g t o develop the capability to accomplish flow-through b i o a s s a y s a t s p e c i f i c h a r b o r l o c a l e s .
The o p e r a t i o n a l c o r e of t h e PETS c o n s i s t s of 18 unshaded 155-1 polyethylene tanks.
Twin f i b e rg l a s s pumps each provide 230 l l m i n u t e of seawater flow to a polyethylene 380-1 receiving tank which s u p p l i e s w a t e r t o 5.1-cm (2-in) diameter feed p i p e s l a y i n g a c r o s s t h e t o p s of t h e b i o a s s a y t a n k s .
Pressure head of water i n t h e f e e d p i p e s i s reduced t o a constant low level
by by open, upward-facing overflow elbows a t the ends of each pipe.
An open elbow of 2-cm (0.75-in) diameter pipe taps off the feed pipe over each bioassay tank. 
between 25O t o 28OC (76O t o 82OF) during summer
Surface water temperatures i n P e a r l H a r b o r v a r y months, and s a l i n i t i e s i n t h e v i c i n i t y of south Ford Island range from 33 t o 36 ppt. Harbor waters are g e n e r a l l y v e r y t u r b i d and green due to r i c h p l a n k t o n p o p u l a t i o n s c o n s i s t i n g l a r g e l y of diatoms (algae), copepods (microcrustaceans), and chaetognaths (arrow worms). Abundance of plankton i n t u r n s u p p o r t s d e n s e p o p u l a t i o n s of fouling and bottom-living organisms 2.
Experimental Design and Analytical Techniques I n t e r n a t i o n a l P a i n t Co. formulation BFA 956 Pink SPC-9 HiSol paint was used as a source of treatment leachate for this experiment. Composition of SPC-9 i s l i s t e d a s 9.4% t r i b u t y l t i n m e t h a c r y l a t e ( a s p a r t of a polymer), 0.5% bis(tri-n-butyltin) oxide, 44.7% cuprous oxide, and 45.4% i n e r t i n g r e d i e n t s . The p a i n t was applied by a r o l l e r i n two moderately t h i c k c o a t s o n t o p l e x i g l a s s p a n e l s which were then leached for 4 months in flowthrough tanks, When i n t h e e x p e r i m e n t a l t a n k s , p a i n t e d p a n e l s were t i l t e d a g a i n s t t h e w e s t and e a s t t a n k walls with p a i n t e d s i d e s f a c i n g toward t h e t a n k c e n t e r s .
All organisms tested in this bioassay experiment were obtained from Pearl Harbor waters. About 30 s p e c i e s of l a r g e r e p i f a u n a t y p i c a l of shallowwater harbor fouling communities were obtained through natural settlement and growth on 72 roughened 20-cm by 25-cm p l e x i g l a s s p a n e l s which were suspended 0.5 m deep i n w a t e r n e a r t h e b i o a s s a y f a c i l i t y w a t e r i n t a k e . P a n e l s were allowed 14 weeks of f i e l d c o l o n i z a t i o n and then were transf e r r e d t o t h e b i o a s s a y t a n k s and allowed an addit i o n a l 5 week.s of c o l o n i z a t i o n and tank adaptation. Four pre-fouled panels were t i l t e d a t a g e n t l e a n g l e a g a i n s t t h e i n s i d e walls of each bioassay tank and panel backsides were used for monitoring changes i n t h e f o u l i n g communities.
Changes i n areal coverage of f o u l i n g p a n e l o r g anisms were q u a n t i f i e d by taking 35-mm color photo s l i d e s of an 8.5-cm by 12.5-cm a r e a i n t h e c e n t e r back side of each panel a t weekly or biweekly intervals during the experiment. Panels were photographed with an underwater camera equipped with a 3:l closeup lens, framer, and s t r o b e f l a s h . S l i d e s were l a t e r p r o j e c t e d o n t o a table-top dot grid to determine percent coverage of recognizable taxa. D a t a f o r t h e most abundant taxa from the fouling p a n e l s i n t h e v a r i o u s t r e a t m e n t s were p l o t t e d as mean percent cover versus days of exposure. Also p l o t t e d were t i m e series f o r t o t a l number of f a u n a l s p e c i e s and s p e c i e s d i v e r s i t y p e r treatment. The diversity index used i s t h e ShannonWeiner diversity index which i s a combined meas u r e of number of species and "evenness" of number of i n d i v i d u a l s p e r s p e c i e s .
High index values i n d i c a t e more uniform distribution between the component species. The index equation used i s a version that has been modified by t h e Botany Department of t h e U n i v e r s i t y of Hawaii f o r u s e with smaller sample s i z e s .
Arcsine transformation 4 w a s a p p l i e d t o p e r c e n t coverage data for individual species on pre-fouled panels.
One-way a n a l y s i s of variance (ANOVA) 4 was then performed on t h o s e d a t a . S i g n i f i c a n t r e s u l t s f o r a l l s t a t i s t i c a l tests were determined by t h e c r i t i c a l v a l u e s ( a = 0.01) of the approxim a t e d i s t r i b u t i o n s .
Number of s p e c i e s d a t a f o r pre-fouled and settlement panels were f i r s t t e s t e d for between-treatment differences at the a = 0.01 l e v e l . I f o v e r a l l ANOVA demonstrated significant difference, Duncan's New Multiple Range Test was used t o d e f i n e s i g n i f i c a n t d i f f e r e n c e s between t h e v a r i o u s t r e a t m e n t s .
American o y s t e r s ( C r a s s o s t r e a v i r g i n i c a ) of 5-t o 8-cm l e n g t h were c o l l e c t e d from West Loch, P e a r l Harbor, and were placed on clay panels on the tank bottoms for 5 weeks of a d a p t a t i o n p r i o r t o t h e experiment. A t the beginning of treatment, there were 1 8 o y s t e r s i n e a c h t a n k . I n t h e c o u r s e of t h e experiment, oysters were shaken free of accumulated sediment every few days, and the presence of dead i n d i v i d u a l s was logged. Several oysters were c o l l e c t e d from each treatment a t t h e e n d s of treatment and recovery phases for later a n a l y s i s of c o n d i t i o n i n d i c e s and organotin body burdens. Collected individuals were frozen i n p l a s t i c bags.
Condition indices were measured on a l l sampled o y s t e r s t o d e t e r m i n e t h e r e l a t i v e h e a l t h l e v e l s or "conditions" of i n d i v i d u a l s i n t h e v a r i o u s treatments. The index used i s a modification of that described in Galtsoff which defined condit i o n i n d e x as the dry weight (in grams)
of t h e o y s t e r meat divided by t h e o y s t e r s h e l l c a v i t y volume ( i n m i l l i l i t e r s ) m u l t i p l i e d by 100. For the present experiment, wet weight of meat was used instead of dry weight to avoid possible a l t e r a t i o n of organotin compounds i n t h e s a m p l e s .
For comparison t o work of o t h e r s , o y s t e r w e t weights were converted to approximate dry weights by m u l t i p l y i n g them by 0.12, a dry-weight t o w e tw e i g h t r a t i o c i t e d i n G a l t s o f f f o r o y s t e r s from s o u t h e r n U n i t e d S t a t e s c o a s t a l
waters.
The treatment (exposure) phase of the experiment began on 25 J u l y 1984 when painted panels of vari o u s areas were p u t i n t o t h e b i o a s s a y t a n k s t o produce target nominal organotin concentrations of 0.05, 0.13, 0.31, 0.78 and 1.95 a g / l . T h r e e t a n k s were used for each control and treatment level. One week after beginning the treatment phase, a s i n g l e 18-cm by 20-cm panel of grey PVC p l a s t i c w a s put into each tank to monitor the recruitment and s e t t l e m e n t of fouling organisms. Those panels were t i l t e d a g a i n s t t h e d r a i n s t a n d p i p e s i n t h e tank centers. Photos were taken of the panel back s i d e s u s i n g t h e same methods and the schedule described for the pre-fouled panels.
Water samples were collected on seven occasions d u r i n g t h e 2-month treatment phase for analysis of organotin and/or copper content.
Samples f o r o r g a n o t i n a n a l y s i s were s t o r e d f r o z e n i n 500-ml polycarbonate bottles and were analyzed using a v o l a t i l e h y d r i d e d e r i v a t i z a t i o n and atomic adsorption spectrophotometry technique which determines q u a n t i t i e s of tri-, di-, and monobutyltins. Because of rapid hydrolysis, the anion i s not known; t h e r e f o r e , t h e s p e c i a t e d compound i s defined as t h e c a t i o n ( e . g . , t r i b u t y l t i n o r TBT).
Copper water samples were stored frozen in 750-ml p o l y e t h y l e n e b o t t l e s and were analyzed using a spectrophotometric technique of Strickland and Parsons 8.
A f t e r 2 months of t r e a t m e n t , t h e p a i n t p a n e l s were removed from t h e t a n k s , and the bioassay comun i t i e s were allowed 2 months of recovery (depura-tion) under flowthrough conditions. A l l remaining oysters were samples a t t h e end of recovery for condition index and organotin body burden analysis. Control tanks contained no a n t i f o u l i n g p a i n t p a n e l s during the experiment and had community composit i o n s a n d s a m p l i n g p r o t o c o l s s i m i l a r t o t h o s e o f treatment tanks.
RESULTS AND DISCUSSION

Chemistry
Mean measured concentrations of TBT were c l o s e t o p r e d i c t e d n o m i n a l c o n c e n t r a t i o n s f o r t h e c o n t r o l and two lower level treatments, but yere substant i a l l y h i g h e r t h a n n o m i n a l f o r t h e t h r e e h i g h e r l e v e l trazments ( t a b l e 1 ) .
Overall mean TBT l e a c h rate c a l c u l a t e d f o r p a n e l s i n t h e f i v e l e a c hate treatments was 3.3 ug/cm2/day.
Mean measured copper concentrations were s i g n i f ic a n t l y h i g h e r than c o n t r o l l e v e l s i n t h e three h i g h -l e v e l l e a c h a t e t r e a t m e n t s ( t a b l e 1 ) . Calcul a t e d mean copper leach rate f o r t h o s e p a n e l s was 13.2 ug/cm2/day. R e -f o u l e d P a n e l s and Walls P r e c i p i t o u s d e c l i n e s i n t o t a l numbers of faunal species and species diversity occurred during leachate exposure on t h e 0.5, 1.8, and 2.5 ,ug/l treatment pre-fouled panels (figures 1 and 2). A t the beginning of exposure, mean numbers of f a u n a l species in exposure treatments were s t a t i s t i c a l l y similar t o mean c o n t r o l l e v e l ( t a b l e 2 ) .
By t h e end of the exposure phase, mean species abundances i n the three h i g h e r l e v e l t r e a t m e n t s w e r e s i g n if i c a n t l y l o w e r t h a n t h e two lower level treatment and c o n t r o l means. The mean number o f s p e c i e s i n t h e 0.1 p g / l treatment was s i g n i f i c a n t l y h i g h e r t h a n i n t h e c o n t r o l and 0.04 n g l l t r e a t m e n t . A t t h e end of t h e r e c o v e r y , s p e c i e s a b u n d a n c e i n a l l treatments was similar t o c o n t r o l s .
Overall e f f e c t s on fouling organisms are t y p i f i e d
by t h e end-of-exposure m o r t a l i t y s t a t u s of t h e six most common f o u l i n g svecies on the pre-fouled panels (table 3) .
Botrylloides spp. (orange colon i a l t u n i c a t e s ) e x h i b i t e d h i g h e s t TBT s e n s i t i v i t y with 100-percent mortality at
TBT c o n c e n t r a t i o n s of 0.1 p g / l and h i g h e r . T r e a t m e n t m o r t a l i t y f o r Schizoporella errata (encrusting bryozoan) was 49-, loo-, 84-, and 100-percent a t TBT c o n c e n t r a t i o n s of 0.1-, 0.5-, 1.8-, and 2.5-ugl1, respectively. Each of t h e s e were s i g n i f i c a n t l y d i f f e r e n t t h a n t h e c o n t r o l s a t t h e 9 9 -p e r c e n t c o n f i d e n c e level.
T o t a l m o r t a l i t y o c c u r r e d i n p o p u l a t i o n s o f Didemnum candidum (white colonial tunicate) exposed to TBT concentrations of 0.5 a g / l and higher. 
o a s s a y t r e a t m e n t s f o r mean t o t a l number of f a u n a l s p e c i e s on pre-fouled panels a t ends of pre-treatment, treatment, and recovery phases.
E n d P r e T r e a t m e n t End Treatment
o n t r o l and 0.04 u g / l treatment panels was v e r y low t o n i l t h r o u g h o u t the experiment, precluding the use of t h o s e d a t a as a meaningful base for statistical comparisons w i t h o t h e r t r e a t m e n t data. Those low abundances w e r e a p p a r e n t l y a r t i f a c t s of senescence and dieoff of t h e m a t u r e c o n t r o l o y s t e r p o p u l a t i o n s . However, at the beginning of the experiment, s a d d l e o y s t e r s were observed among t h e e a r l y s u cc e s s i o n s t a g e f o u l i n g p o p u l a t i o n s on t h e t a n k walls i n a t y p i c a l "normal" coverage of 2 t o 3 percent.
Succeeding observations showed t h a t a f t e r 60 d a y s of leachate exposure, the number of j u v e n i l e s a d d l e o y s t e r s was unchanged on 0.04 .ug/l treatment tank walls, a few i n d i v i d u a l s i n t h e O . l , u g / l t a n k s had died, and a l l i n d i v i d u a l s on t a n k w a l l s of t h e o t h e r t h r e e t r e a t m e n t s had died. Saddle oysters on control walls remained a t normal abundance through the exposure phase. Therefore, observa-
TBT exposure and c o n t r o l s u r v i v a l of that organism was normal.
Early senescence of organisms on p a n e l s a l s o a f f e c t e d t h e s t a t i s t i c a l u t i l i t y of p h o t o d a t a f o r Hydroides elegans (tube worms) and Ascidea spp. ( s o l i t a r y t u n i c a t e s ) .
Again, observations of younger populations on tank walls confirmed that r e d u c t i o n s i n p e r c e n t c o v e r a g e i n t h e h i g h e r l e v e l treatments had o c c u r r e d t o t h e same degree as seen i n t h e mean photo data.
Also control coverage of organisms throughout treatment was n e a r l y i d e n t i c a l t o mean p e r c e n t c o v e r s e e n i n a l l t r e a t m e n t s b e f o r e exposure. The p e r c e n t m o r t a l i t y v a l u e s g i v e n i n t a b l e 3 for tube worms and s o l i t a r y t u n i c a t e s , t h e r e f o r e were derived primarily through examinat i o n of l a r g e a r e a s of wall. Table 3 . S i g n i f i c a n t m o r t a l i t y summary f o r most common s p e c i e s on pre-fouled panels. 100% Mortality
100% 84% 1009 Mortality
Any two means not underscored by t h e same b a r are s i g n i f i c a n t l y d i f f e r e n t . Any two means underscored by t h e same b a r are n o t s i g n i f i c a n t l y d i f f e r e n t . ** = s i g n i f i c a n t d i f f e r e n c e a t 99% l e v e l . * = 95% l e v e l .
(0) = s i g n i f i c a n t d i f f e r e n c e s not evident i n ANOVA a n a l y s i s of panel data because of sparse c o n t r o l p a n e l
p o p u l a t i o n s , b u t l i s t e d m o r t a l i t i e s obtained by observations of populations on o t h e r s u b s t r a t e s .
Twenty taxa of epifauna were found to be ubiquit o u s i n a l l t r e a t m e n t s and c o n t r o l s on pre-fouled panels and o t h e r t a n k s u b s t r a t e s p r i o r t o l e a c h a t e exposure (table   4 ) . Presence/absence observations a t t h e end of exposure phase revealed that only one of those ubiquitous species was a b s e n t i n t h e 0.04 mg/l treatment and two species were absent in t h e 0.10 ,ug/l treatment. Kajor reductions in numb e r s of ubiquitous species occurred during exposure i n t h e t h r e e h i g h -l e v e l TBT exposures. Those reductions were 55, 60 and 80 p e r c e n t i n t h e 0 . 5 , 1.8, and 2.5 u g / l t r e a t m e n t s , r e s p e c t i v e l y .
Only f i v e t a x a , t h e anemone H a l i p l a n e l l a l u c i a e , some A s c i d i a s p e c i e s s o l i t a r y t u n i c a t e s , t h e t u b e worms Hydroides elegans and P i l e o l a r i a m i l i t a r i s / p s e u d omilitaris, and a s i n g l e i n d i v i d u a l of tube-dwelling
gastropod, Vermetus a l i i ) were observed i n 2.5 u g / l TBT treatments a t t h e end of exposure. Fouling p o p u l a t i o n s a t t h e end of recovery showed no major d i f f e r e n c e s i n o v e r a l l p r e s e n c e / a b s e n c e i n t h e various treatments.
Settlement Panels
On s e t t l e m e n t p a n e l s , t h e t o t a l number of f a u n a l species per treatment and s p e c i e s d i v e r s i t y p e r treatment were relatively high a t t h e end of treatment i n t h e c o n t r o l and 0.04 u g / l TBT tanks but . . . . were s u b s t a n t i a l l y l o w e r i n t h e f o u r h i g h e r l e v e l t r e a t m e n t s ( f i g u r e s 3 and 4 ) . End-of-treatment d i f f e r e n c e s were s t a t i s t i c a l l y s i g n i f i c a n t between those groups, but differences between treatments w i t h i n t h e two groups were n o t s i g n i f i c a n t ( t a b l e 5). Numbers of s p e c i e s i n TBT-exposed populations w e r e n o t s i g n i f i c a n t l y d i f f e r e n t from c o n t r o l popu l a t i o n s a t t h e end of recovery.
Seventeen taxa were r e a d i l y i d e n t i f i e d f r o m settlement p a n e l s i n t h e c o u r s e of the experiment. Pres e n c e i a b s e n c e d a t a f o r t a x a i d e n t i f i e d a f t e r TBT exposure indicate that phyla of lower evolutionary s t a u s (e.g., Porifera, Cnidaria, Bryozoa, and Mollusca) were most sensitive t o TBT ( t a b l e 6 ) . Organisms least a f f e c t e d were those capable of complete enclosure i n hard, tubular shells such a s Table 5 . S i g n i f i c a n t d i f f e r e n c e s between bioassay t r e a t m e n t s f o r mean t o t a l number of faunal species on s e t t l e m e n t p a n e l s a t e n d s of treatment and recovery phases.
End
Treatment
Recovery
Analysis with Duncan's New N u l t i p l e Range Test. Any two treatments not underscored by t h e same b a r a r e s i g n i f i c a n t l y d i f f e r e n t a t 99% l e v e l .
Any two treatments underscored by the same bar are n o t s i g n i f i c a n t l y d i f f e r e n t . Table 6 . Presence or absence of fouling organisms noted on s e t t l e m e n t p a n e l s i n b i o a s s a y t r e a t m e n t s a t ends of treatment and recovery phases. Includes Ascidia nigra and
A. i n t e r r u p t a Includes Herdmania momus and Microcosmus exasperatus
Algae Dominant a l g a e that c o l o n i z e d t h e t a n k s u r f a c e s c o n s i s t e d e s s e n t i a l l y of blue-green algae films, diatom mats, t h e g r e e n a l g a e C l a d o p h o r a s o c i a l i s and Ulva sp., t h e brown a l g a D i c t y o t a a c u t i l o b a , and calcareous red algae. Throughout both the exposure and recovery phases of the experiment, no significant between-treatment differences were observed in the abundances of algae. Coralline a l g a e , which were q u a n t i f i e d on pre-fouled panels, actually increased in coverage during the exposure phase in a l l treatments.
Oysters
Survival of oysters exposed to TBT c o n c e n t r a t i o n s of 1.8 o r less was s i m i l a r t o t h e c o n t r o l s ( f i g u r e 5). S l i g h t l y enhanced survival of o y s t e r s i n t h e t h r e e low-TBT treatments was probably due to reduced predation of o y s t e r s by flatworms. This was a t t r 
MEASURED TBT (wg/L) MEASURED T B T ( W g l L )
V e r t i c a l b a r s a r e 95% confidence limits.
C o n d i t i o n i n d i c e s f o r o y s t e r s
sampled a f t e r 57 days of exposure w e r e s i g n i f i c a n t l y l o w e r i n o y s t e r s exposed t o TBT c o n c e n t r a t i o n s of 0.1 lug11 and g r e a t e r ( f i g u r e 6 ) . Mean c o n d i t i o n i n d i c e s f o r TBT-exposed o y s t e r s c o r r e l a t e w e l l with exposure c o n c e n t r a t i o n s a n d c l e a r l y i n d i c a t e that even though oysters exhibit normal mortality rates under moderate TBT concentrations for periods of several weeks, t h e i r a b i l i t y t o m a i n t a i n t i s A f t e r 2 months of recovery, condition indices of s u r v i v i n g t r e a t m e n t o y s t e r s had r e t u r n e d t o n e a rc o n t r o l levels ( f i g u r e 6). This r e l a t i v e l y r a p i d r e c o v e r y i n d i c a t e s t h a t o y s t e r s had resumed normal feeding and toxic effects from TBT were apparently short-lived.
A s of t h i s w r i t i n g , a n a l y s e s of o y s t e r t i s s u e o r g a n o t i n c o n t e n t had not been comp l e t e d , so i t i s n o t known t o what degree the o y s t e r s had accumulated and depurated leachates. Those r e s u l t s w i l l be reported later.
SUMMBRY
The experiment described i s u n i q u e i n t h a t no o t h e r s t u d i e s are known t h a t h a v e examined t h e e f f e c t s o f chronic exposure to organotin leachates on complex harbor communities under flowthrough of unaltered t y p i c a l h a r b o r water. L e a c h a t e e f f e c t s on harbor organisms i n " e s t u a r i n e " water were shown t o b e of e s s e n t i a l l y t h e same c h a r a c t e r and magnitude as were observed under equivalent leachate exposure experiments with complex soft-bottom communities collected from and maintained in clean open-coast water 1.
The hierarchy of chronic TBT s e n s i t i v i t i e s of t h e v a r i o u s p h y l a t e s t e d in this experiment corresponds t o t h e p a t t e r n r e v e a l e d by previous short-term bioassays. That p a t t e r n g e n e r a l l y relates increased t o l e r a n c e t o TBT with increasing level of evolutionary development. Exceptions to this pattern exist f o r some s p e c i e s t h a t a p p a r e n t l y r e c e i v e d lessened contact with dissolved toxins because they live within impervious shells or integuments o r are capable of high-volume output of p r o t e c t i v e mucus. E f f e c t s o f h i g h e r TBT concentrations on both colonizing and mature fouling communities indicate that c h r o n i c a l l y h i g h o r g a n o t i n leachate levels, such as might be encountered near concentrations of l a r g e s h i p s i n low-circulation harbors, could cause sign i f i c a n t s h i f t s i n abundances of fouling species. In some c a s e s , t h o s e s h i f t s c o u l d l e a d t o t h e dominance of pollution-tolerant "nuisance" foulers such as tube-worms, tunicates, and vermetid mollusks. The p o t e n t i a l f o r a d v e r s e e f f e c t s from such changes would b e g r e a t e s t i n r e l a t i v e l y p r i s t i n e areas and s l i g h t i n harbors where nuisance foulers are already abundant.
Of primary concern from a f i s h e r i e s management a s p e c t i s t h e d e m o n s t r a t e d s e n s i t i v i t i y of a d u l t o y s t e r s t o s u b w g / l TBT concentrations. Recent s t u d i e s on o y s t e r s and mussels indicate exposure t o TBT c o n c e n t r a t i o n s i n t h e 0.1-to 0.5-+lg/l range r e s u l t e d i n v a r y i n g d e g r e e s of malformation, reduced growth, and m o r t a l i t y 11, l2 & l3. Combined e f f e c t s on bivalve mollusks seen in the present and p r e v i o u s s t u d i e s s u b s t a n t i a t e t h e need t o e n s u r e t h a t c h r o n i c TBT l e v e l s i n and around s h e l l f i s h beds do not reach 0.1 pgll.
In n e a r l y a l l aspects of this bioassay, 0.5-ugIl was found t o b e t h e c r i t i c a l c o n c e n t r a t i o n a t which major adverse effects such as h i g h m o r t a l i t y , reduced settlement, and obvious stress o c c u r r e d i n fouling organisms. Effects generated by t h a t expos u r e l e v e l i n c l u d e d s i g n i f i c a n t r e d u c t i o n s i n s p ecies d i v e r s i t y and number of s p e c i e s o f f o u l i n g organisms, nearly 50-percent reduction in adult oyster condition index, and 100-percent mortality of c o l o n i a l t u n i c a t e s , an encrusting bryozoan ( S c h i z o p o r e l l a e r r a t a ) , and a bivalve mollusk (Anomia n o b i l i s ) . C o l l e c t i v e l y , t h e s e e x p e r i m e n t a l r e s u l t s r e i n f o r c e t h e Department of Navy's determination l4 of 0.5 u g / l as a maximal TBT concentration that should not be exceeded in marine waters t o a v o i d s i g n i f i c a n t a c u t e e f f e c t s on harbor ecosystems.
~_ _ _
By a p p l i c a t i o n o f a 1 0 -f o l d " s a f e t y f a c t o r " t o t h e 0.5 u g / l v a l u e , a n a v e r a g e TBT concentration of 0.05 p g l l s h o u l d n o t b e e x c e e d e d t o e n s u r e p r o t e ct i o n of more s e n s i t i v e species and larvae. This v a l u e h a s a l s o been recommended by t h e Navy as an a v e r a g e t a r g e t TBT limit i n h a r b o r waters. R e s u l t s of t h e p r e s e n t s t u d y r e i n f o r c e t h e s e l e c t i o n of 0.05?ug/l TBT as a 'ho-effect" level because no s i g n i f i c a n t d e l e t e r i o u s e f f e c t s were evident on e i t h e r t h e s e t t l e m e n t o r s u r v i v a l of f o u l i n g o r g a n i s m s , o r t h e c o n d i t i o n i n d e x o f o y s t e r s i n long-term 0.04-ug/l TBT exposures.
